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Summary  Among  different  shape  memory  alloys,  copper  (Cu)  based  alloys  were  the  most
favourable  alloys,  because  of  their  attaining  price  and  good  characteristic  properties.  In  this
present work  different  weight  compositions  of  Cu—Al—Be—Mn  shape  memory  alloys  are  consid-
ered and  are  in  the  range  of  10—14  wt%  of  aluminium  (Al),  0.4—0.5  wt%  of  beryllium  (Be)  and
0.3—0.4 wt%  of  manganese  (Mn)  and  these  alloys  were  synthesized  by  ingot  metallurgy,  which
exhibits -phase  at  higher  temperatures,  also  demonstrates  a  shape  memory  effect  (SME)  after
quenching to  room  temperature.  The  Be,  Mn  and  Al  content  was  varied  in  different  sets  to  study
the shape  memory  effect  and  damping  behaviour  of  the  alloys  by  using  differential  scanning
calorimetry  and  dynamic  mechanical  analyzer  respectively.  These  alloys  exhibit  higher  damp-
ing or  internal  friction  in  the  martensitic  condition  and  internal  friction  or  damping  peak  in  the
transition zone.
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n  present  era  in  many  applications  copper  based  SMA’s
shape  memory  alloys)  are  used.  These  are  light  weight,
aving  unique  properties  like  shape  memory  and  very  good
amping  capacity.  Due  to  these  unique  properties  shape
emory  alloys  have  become  a  very  important  material  for
 wide  range  of  industrial  applications  like  automotive,
erospace  and  structure.  During  transforming  one  form  of
nergy  into  another  form,  energy  will  be  lost  due  to  this
icle under the CC BY-NC-ND license (http://creativecommons.org/
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qFigure  1  (a)  Shows  the  microstructure  of  austenite;  (b)  show
quenching.
damping  occurs  in  materials.  The  occurrence  of  damping
refers  to  the  process  of  transforming  certain  energy  associ-
ated  with  a  given  ﬂuctuation  into  a  different  form  of  energy.
By  the  mixture  of  mechanisms  depending  on  the  speciﬁc
structure  (structural  damping)  as  well  as  by  a  variety  of
mechanisms  depending  on  the  speciﬁc  materials  (material
damping)  energy  dissipation  or  damping  can  be  occurred.
Due  to  exclusive  microstructure  of  SMA’s,  which  in  turn
leading  to  good  damping  capacity  makes  them  to  give
much  importance  to  use,  even  though  different  methods
are  available  to  achieve  damping.  Internal  friction  occurs
due  to  movable  interfaces  in  between  austenitic  phase
and  martensitic  phase,  and  also  due  to  more  density  of
movable  twins  in  the  martensitic  phase  (Yoshida  et  al.,
2003).  SMAs  reveal  high  internal  friction  or  damping  capac-
ity  because  of  thermo  elastic  martensitic  transformation,
and  it  is  interrelated  to  the  movement  of  twin  boundaries
and  martensite  variant  interfaces  (Van  Humbeeck,  2003).
SMAs  exhibit  very  good  damping  capacity  in  the  range  of
thermo  elastic  martensitic  transformation  temperature  (Wu
and  Lin,  2003).  Due  to  damping  or  internal  friction,  signiﬁ-
cant  quantity  of  energy  is  absorbed;  this  in  turn  gives  rise  to
high  damping  capacity  of  shape  memory  alloys.  The  marten-
sitic  phases  and  twin  boundaries  were  movable  because  of
self-accommodation  of  the  martensitic  plates  in  martensitic
phase  of  the  SMA  alloys,  this  leads  to  good  internal  friction
or  damping  in  martensitic  phase  when  compared  to  parent
austenitic  phase  (Suresh  and  Ramamurthy,  2005).  In  SMA’s,
the  phase  transition,  intrinsic  and  transient  component  con-
tribute  to  the  complete  peak  of  the  internal  friction,  i.e.
IF  (total)  =  IF  (intrinsic)  +  IF  (phase  transition)  +  IF  (transient)
(San  Juan  and  No,  2003).
Synthesis of alloy and characterization
Cu—Al—Be—Mn  quaternary  shape  memory  alloy  with  dif-
ferent  percentages  of  aluminium  (Al)  which  ranges  from
10—14  wt%,  0.4—0.5  wt%  of  beryllium  (Be)  and  0.3—0.4  wt%
of  manganese  (Mn)  and  remaining  with  copper  (Cu)  weight
percentages  were  considered  for  the  current  work.  All
the  materials  were  cut  into  small  fragments  and  taken  in
right  weight  quantities  from  a  pure  ingot  of  respective
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ae  needle  (strip)  type  of  martensite  microstructure  after  step
aterial  and  to  weigh  accurately  200  g  of  complete  alloy.
he  materials  melted  altogether  in  an  induction  furnace
hich  is  maintained  with  inert  atmosphere  and  the  molten
iquid  melt  was  transferred  to  the  pre  heated  permanent
ould  made  of  cast  iron  with  size  120  mm  ×  100  mm  ×  3  mm
o  solidify.  By  utilizing  inductively  coupled  plasma-optical
mission  spectrophotometer  instrument  (ICP-OES),  chemi-
al  compositions  of  synthesized  alloys  were  determined  and
his  instrument  can  be  able  to  evaluate  compositions  with
ood  accuracy,  i.e.  of  second  fraction  or  decimal  place.
The  casting  ingots  prepared  were  kept  for  homogeniza-
ion  at  900 ◦C  for  4—6  h  in  mufﬂe  furnace,  and  then  rolled
t  900 ◦C  to  obtain  thickness  of  approximately  1  mm.  Then
ot  rolled  sheets  were  betatized  about  30  min  at  900 ◦C  and
tep  quenched  instantly  into  boiling  water  (around  100 ◦C),
nd  then  into  water  at  room  temperature  (around  30 ◦C).
icrostructures  of  the  specimens  were  analyzed  through
ptical  microscope  to  ensure  martensite  formation.  Shape
emory  effect  (SME)  of  the  alloy  was  determined  by  using
end  test.  By  utilizing  differential  scanning  calorimeter
DSC)  instrument  transformation  temperatures  of  obtained
MA’s  were  determined.
icrostructural studies
n  the  as-cast  condition  SMA’s  shows  the  austenite
icrostructure  (Fig.  1(a))  during  crystallographic  analysis,
owever  after  step  quenching  same  alloy  shows  fully  needle
strip)  type  of  martensite  which  indicates  the  full  transfor-
ation  of  austenite  in  to  martensite  without  formation  of
ny  precipitate  (Fig.  1(b)).  The  martensite  will  be  formed
y  sudden  cooling  (quenching)  of  austenite.
hemical composition, shape memory effect
SME) and transformation temperatures of
uaternary Cu—Al—Be—Mn SMAstilizing  an  inductively  coupled  plasma  optical  emission
pectrophotometer,  chemical  compositions  of  the  alloys
ere  determined  and  the  respective  transformation  temper-
tures  obtained  utilizing  a differential  scanning  calorimeter,
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Table  1  Chemical  composition,  shape  memory  effect  (SME)  and  transformation  temperatures.
Alloy  ID  Chemical  composition  (wt%)  Transformation  temperatures  (◦C)  S.M.E.  (%)
Cu  Al  Be  Mn  Mf  Ms As Af
CABM1  87.27 12.00 0.42 0.31 22.18 36.63 37.48  53.42  83.48
CABM2 87.61  11.58  0.45  0.35  23.36  37.43  39.54  55.38  86.39
CABM3 87.23  12.50  0.47  0.30  24.66  40.64  42.80  59.36  88.78
CABM4 87.63  11.50  0.47  0.40  22.44  34.56  30.12  44.28  95.36
Table  2  Cu—Al—Be—Mn  SMA’s  damping  capacity.
Alloy  ID  Chemical  composition  (wt%)  Internal  friction  or  damping  (tan  ı)
Cu  Al  Be  Mn  Martensitic  phase  (at  Mf)  Transition  zone  Austenite  phase  (at  Af)
CABM1  87.27  12.00  0.42  0.31  0.04  0.13  0.03
CABM2 87.61  11.58  0.45  0.35  0.045  0.15  0.038
CABM3 87.23  12.50  0.47  0.30  0.07  0.18  0.05
CABM4 87.63  11.50  0.47  0.40  0.06  0.16  0.045
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SFigure  2  DSC  plot  of  the  alloy  CABM3.
re  given  in  Table  1.  Differential  scanning  calorimeter  plots
f  CABM3  alloy  is  shown  in  Fig.  2.  Additionally  the  shape
emory  effect  (SME)  was  determined  by  using  bend  test  in
heet  specimen’s  thickness  of  1  mm.  The  amount  of  strain
etrieval  in  corresponding  alloys  is  given  in  the  same  table.
amping characteristics
hree-point  bend  specimens  of  sizes  55  mm  ×  10  mm  ×  1  mm
ere  prepared  to  conduct  the  damping  tests,  and  the  mag-
itude  of  tan  ı  or  internal  friction  (IF)  was  determined  by
tilizing  a  dynamic  mechanical  analyzer  (DMA)  instrument
s  a  function  of  change  in  temperature.  Three-point  bend
pecimens  of  sizes  55  mm  ×  10  mm  ×  1  mm  were  used  for
he  tests.  Continuous  frequency  of  1  Hz,  strain  amplitude
micrometer  and  a  heating  rate  of  2 ◦C/min  were  used  for
he  tests.  The  alloys  exhibit  peak  damping  capacity  in  the
ransition  zone.  Plot  of  internal  friction  (IF)  or  tan  ı  as  a
unction  of  change  in  temperature  for  an  alloy  CABM3  is  as
hown  in  Fig.  3.  Internal  friction  peak  curve  represents  the
ustenitic  transformation  peak  which  shown  in  the  DSC  plot
f  Fig.  2.  Peak  or  maximum  damping  limit  of  shape  memory
V
W
Yigure  3  Plot  between  Internal  friction  or  tan  ı and  temper-
ture  of  alloy  CABM3.
lloys  exhibits  in  the  transition  zone.  The  different  damping
apacities  or  limits  of  quaternary  Cu—Al—Be—Mn  alloys  are
abulated  in  Table  2.
onclusion
 It  was  found  in  the  present  work  that  Cu—Al—Be—Mn
shows  the  shape  memory  effect  approximately  equal  to
95%.
 Excellent  damping  capacity  of  0.18  was  exhibited  by
Cu—Al—Be—Mn  SMAs  in  the  transition  zone.
 Studies  indicate  that  damping  capacity  of  martensite  is
higher  than  that  of  austenite.
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